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I PURPOSE

The purpose ot this contract is to develop a long life K-band
three-port duplexer exhibiting extremely low leakage power characteristics.

Pertinent desired operation characteristics are as followss

Frequency: 23.5 - 24.5 KMc
Peak Powers: 100 KW

Pulse Width: 0.020 us

Duty Cycle: .003

Leakage Power, Spike: .075 ergs
Leakage Power, Flat: 40 mw

Recovery Time: 0.050 ys

Life: 5000 Hours
Insertion Loss: 1.0 db max.

(low level)

In addition, VSWR, ant environmental specifications as called for

in Electronics Command Technical Reguirement SCL - 5837 B must be met.

RE: Units On QR.

The technical work on this contract has been divided into six major
tasks. Each task will design and develop a device applicable toward
the specifications of the contract. Each task is listed below with a

brief description of the technical task.
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Task I Ferrite Circulator

A Ferrite Circulator will be designed for application in a long life
duplexer where an RF high power limiter will also incorporated.

Task Il Ferrite Limiter Development

A ferrite limiter design and development will be carried out to meet
the requirements of the contract specifications in conjunction with the
ferrite circulator.

Task III Gas TR Tube Development

A long life gas TR tube design and development task will be initiated
where no keep-alive voltage will be required and the design goal will be
toward a limiter applicable to the contract specifications.

Task IV Multipactor Limiter Development

A multipactor limiter design and development program will investigate
design and fabricate a limiter device in which the goals are for
application in the contract juplexer requirements.

Task V Semiconductor Switch Limiter Development

A semiconductor limiter will be designed for high power limiting to

use in conjunction with the ferrite circulator for a long life duplexer.

Each of the above tasks are separate investigations and at a pre-arranged
point in the contract, these tasks will be reviewed and the final limiter
design approach will be determined.

Task VI Packaging of the Final Duplexer Desgin

The duplexer packaging will be arranged for substitution directly into

existing radar systems, without modification of the systems other than to

remove the existing duplexer,
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11 ABSTRACT

During the third quarterly period of this contract, technical activities
on the long life gas TR tube, semiconductor switch limiter and ferrite limiter
resulted in experimental models and test data.

The gas TR tube has been measured at an incident power of 3.6 KW without
keep alive, the spike energy was 2. ergs and the flat power 75 milliwatts.

The semiconductor switch limiter efforts were successful when a PIN diodewas
used in the ridged waQeguide test fixture. With DC bias a switch was operated from
22 to 24.5 GC with an insertion loss of 1.4 db maximum and an isolation of 28.4 db
minimum, the power level was 1| milliwatt. The same device was measured in
the forward bias state (high isolation) at 1.KW incident power where the isolation
was measured to be 30 db or greater.

A ferrite limiter was measured with limiting in excess of 16 db. The
insertion loss was 4 to 6. db.

Preliminary multipactor units have been constructed to test surface and

multipacting however test data has not been obtained.
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PUBLICATION, LECTURES, REPORTS & CONFERENCES

During this contract period a meeting was held between the following

persons at Microwave Associates:

Mr. Wright Signal Corps
Mr. Goldman FAA
Mr. Tenenholtz Microwave Associates

Mr. Brunton " "
Dr. M. Gilden " "

Mr. Basken " "

A brief discussion of the contract expenditures and general technical
progress was held prior to demonstration and examination of hardware developed
to date. The engineers responsible for each technical task were visited and
Mr. Wright and Mr. Goldman were given an opportunity to discuss technical details.

The technical information discussed is recorded throughout the report
therefore a detailed review will not be written in this section.

There have been no Publications reports lectures or Conferences pretaining

to this contract during this period.



41 K-Band Long Life Gas TR

During thie quarter, three TR tubes were fabricated and tested.
Tube No. Kl was designed with twy windows (Ow = 3), a single gap with
a Q of n, and a 240 deyrve spacing between elements. The bandpass of
this tube was 9 per cent, the insertion loss varied from .4 to .55 db
due ts the relatively high Q center element. This is illustrated in
Figure 1, Since the hanipacs reqiirement i< one half the amount
achieved with tut.e No, Kl, it was ronsiirred advisable to lower the
center element Q in a cub-sequent midel. The window Q was left un-
rhanged, a derrease in banipass resultet ani the incertinon loss improved.
Figure 2 is a plot nf the VSW ani jnecrtion locs of tube No. 010
which coynsi1sted ty twy windwwe ot Q = 1 cpaced 240 degrees from a
renter element of 3.8. The incortion 1> ¢ varics frym .3 tr .4 db
tvr the unplated tat e, with plating the lrss is usially lowered another
LYoty L1 b,

Aothird taie 26 cimiar secian t - L, Y1) wae farricated and
was nit exhausted. This :ni* wae .«v i 1 r a spark yap experiment to
1etermine the KF breakdown in air, which occured at 12 kilowatts.

Tubes No. Kl and D10 were provided with keep alives for the purpose
2f securing arcurate hreakdrwn measurements, since it is difficult at
Lwer pilee repetition rates to achieve consistent and repeatable gap
breakdown if no keep alive discharge is present to prime the gap. The
high level tests indicated, however, that the 15 Kc repetition rate
was fast enwmgh ty osbtain low and consistent breakdown values without

the keep=-alive Hn.
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The extremely tast transients associated with the gap breakdown
were measured with a high <peed sampling scope. The incident pulse,
as viewed with the sampling <cope, had a shape as drawn in Fiqure 3.
High pawer measurement results on tube Kl and OlO are summarized in
Figure 4, Table 1. With an incident peak power of 3.4 KW, the ampli-
tude and width of the spike were measured with keep-alive off and on.
The methyd was counter checked iy 8 doterminatinn of the average
leakage with a thermistnr and power tridge. The flat leakage power
was measured by the conventional s-Hpe methnd,

Test results indicate, as predi~-tei, that the tube with lower
center element Q (N>, 0l10) na! higher spike energy than tube No. Kl
and the difterence was loss pranounced with no keep-alive. It is
natewnrthy tor s eerve the . 'hee ~srretlatiyn between scope and bridge
measurements. As inifi-at~i arwe, the spike pulse was very stable
»wven withyit keoep-alive trente N oraniom spikes of excessive energy
were ohisorved, Thie is ¢ parti :lar -ignitican-e, since tests have
indicated that the keep-a'iv: i¢ tho :1timate limitation in life
expectancy »f a gas dicschaige levi.oe. The twn-erg spike, although
far t1» high {>r a sensitive recejver dinde, should present no problem
t7 a semiconductor limiter following the TR,

Figure 5 j¢ a graphical presentation of the incident and leskage
pilse envelopes., Care mist be taken in interpreting the various power

values on semi-l>rgarithmic paper, since the higher power regions are

compressed. [rom this figure, it can be seen that the isolation achieved
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by the gap alone - just before the window breakdown - is about 30 db,
and the total isolation of the gap and window combined is nearly 50 db,
allowing about 75 MW of flat leakage power to pass during the pulse.
The region labeled "pseudo - flat" is simply the leakage in the time
between gap and window breakdown, and is of relatively short duration
(3 nanoseconds).

Recovery time »f both tubes was also measured and recorded in
Figure 4, Table L. As the recovery time is inversely proportional to
the spike leakage energy, any change in gasfill to reduce the recovery
time significantly below the 200 nanoseconds will raise the spike energy
considerable,

In summary, the tube design effort nas been successful. Two
more units of this design are presently being fabricated, and life

tests will be started during the next quarterly period.

4.2 Semiconductor Limiter

Efforts on the design of limiters 1ising packagei PIN diodes has been
discontinued. The parasiti- «lemonts of a packaged diode degrade the
general performance of limiting and switching at the frequencies of
interest. Furthermore, the parasitic elements can be essentially
eliminated or considerably reduced by removing the diode from the
package and integrating it directly into the waveguide transmission
line.

Work repnrted in the second quarterly report on packaged PIN diode

performance shows the bandwidth characteristics of the circuit where
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additional reactances must be used to tune out diode package reactance.
This results in a narrowing of the bandwidth of operation when com-

pared to integrated diode designs.

An important advantage of the ridge waveguide and integrated PIN diode

desian is the inherent bandwidth. The bandpass characteristic of the
ridge waveguide structures without diodes was shown and discussed in
the last quarterly report. Work has progressed to actual performance
data of switching over a broad bandwidth.

Three narrow (.021 inch) ridge and one wide (.084 inch) ridge
waveguide structures rave been fabricated. In addition parts for
testing single and dual diode circuits have been obtained. Fiqures 6
and 7 show the general form of these experimental sections.

Initial tests with the single diode circuit vielded insertion
loss .7 db, isolation 16 db and VSWR 1.24. This data is plotted in
Fiaure 8. The performance of the diode circuit is a function of the
RF choke, as well as the diode, and the choke lengths must be
emp;xically determined in order to secure an optimum desian. There-
fore, several sets of parts have been machined to provide variation
in either the high or low impedance choke sections. Tests have been
conducted to evaluate the choke lengths and provide information with
which a thenretica' analysis may be aoplied.

Intuitively it can be seen that the chnke will effect the circuit
in bath the incertion lnss case, .by leakage loss in the circuit, and

in the ienlation case by introducing a small but finite reactance in
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series with the dinde, this can then create an ineffective short.

The integrated structure does show some parasitic reactance and
the choke provides the tuning. The integrated diode characteristics
are not completely known at this writing and future efforts are to be
directed toward evaluating these characteristics and the diode mounting
methods.

Work was also performed with a dual diode circuit. Measurements
have been recorded nver a bandwidth from 22 to 24.5 gc. Figure 9
shows that the first ewitch was quite successful, maximum insertion
was 1.4 db, minimum isolation 28.4 db and maximum VSWR 2.1.

This unit was measured unier high power cnnditinons in increments
from 50 watts to 1.0 kilowatts peak. Isolation was measured as a
function of the forward D.C. bias applied t» the diodes. Forward bias
is used to accomplish isolatinn hecause the dinde appears as a very
low shunt resistance acrncs the txansmicsion.line. This results in
minimum power dissipation in the PIN iunction and thereby increases
its power handling capability. Under actual operating conditions this
bias wiuld be supplied by a crystal rectifier in the circuit which
would couple energy from each RF pulse to bias the diode. Because of
the finite switching time of the dinde the isolation achieved by this
method would be lower than that shown on the curves for the D.C. bias
conditinon, A 20 nannsecond pulse (as used in this application) dictates
the need for extremely fast switching diodes.

Figure 10 shows data taken during the high power tests. Isolation
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is plotted as a functinn »f foreward D.C. bias for each power increment.
After the 1 KN measurement the unit was tested at low power levels and
no degradatinn was indicated due to high power.

These tests on sié}le and dual diode switching are preliminary
efforts, actual limiting measurements are planned for future work.

Present methods of integrating the PIN junction to the ridge wave-
guide structure have not been completely successful. The diodes have
been subjected to mechanical stress beyond endurance and in some
instances are destroyed in assembly.

Several approaches to this problem have been discussed in which
a spring structure is incorporated into the ridge waveguide. Another
approach is in the construction of the disde where a process called thercgl
compression honding seems to give the hest results in diode assembly. New
designs will be evaluated in the rext perind.

4.3 Ferrite Limiter Effort

Several ferrite materials and -snfigurations have been investigated
in a test jig illustrated in Figur~ 1l. The advantage of this type
mount were precented in the last quarterly report. Three series of
tests have been performed on the ferrite limiter with tle following
results.

TEST 1

Three units were fabricated using a YIG (G-113)%* ferrite material

* Manufactured by Transtech Inc. Maryland



ground to different lengths but maintaining the same shape and width.
These units were tested under high and low power conditions at various
levels nf applied D.,C. tield. The unit with the longest ferrite piece

showed favnrable isolatinn characteristics but had excessive insertion

loss. VSWR at the test frequency (24.0 KMc) is 1.52:1 so its contribution

to the total insertion loss may be neglected.

It may be seen in Figure 12 that the threshold for limiting is
below 500 W peak, exact measurements of the threshold level were not
taken. However, it may be seen that limiting in excess of 16 db
occuggd at power levels from 500 W peak to 2800 watts peak. At 2800
watts peak partial saturation >t the spin wave structure has occured
as may be inferred from the reduction in isolation from 24 db to 20 db
at 2.8 kw peak.

TEST 2

Twn units were tabricateri ueing a sample ot supposedly low loss
pnlycrystatine YIG ferrite material g:ouni to the same size as the
two longest units previnucly tected. Preliminary results showed even
higher insertinn loss values, (4 - ~ db) therefore, further planned
testing was discontinued.

TEST 3

A single unit was fabricated using the original YIG (G-113)
ferrite material ground tn a shorter length than those previously
tested Lut with increased width to induce higher isolation by increased

interaction with the R,F. field. Insertion loss of this unit is 3.5 db.
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High power testing has not been performed on this unit as yet. These
tests will be conducted as in Test 1 with additional effort to
determine the threshnld of limiting.

Further effort to achieve similar limiting action in either a
shorter length or at less insertion loss will be continued in the next
quarter.

4.4 Miltipactor Efforts

Two important potential physical characteristics of a multipactor

limiter are extremely fast recovery time and the possibility of long

life because of the absence of gases. During this period, a test

.cavity was designed and constructwred for evaluating different multi-

pactor surfaces and design of the multipactor limiter was initiated.

The last report briefly discussed the nature of the multipactor discharge.
Tn evaluate the discharge characteristics, i.e., obtain the ;olt-ampere
curve, an X band cavity with replaceable pole pieces was constructed.
The structure is shown schematically in Figure 1 and represents
a mrre versatile modification nf our earlier design discussed in
the last report. The cavity consists of a waveguid. body with windows
attached and the secondary emission surfaces, under study, are situated
an the faces of the pnle pieces. Vacuum sealing is accomplished by means of
annealed OFHC copper gaskets pressed onto knife edges. The gap is brought
into resonance with irises external to the vacuum.

Several multipactor discharges were produced in this structure

with a phosphor which has good secondary emission propertiesy however,
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our initial surface preparation did not field the desired characteristics

and the experiments were hampered by difficulties with window failures.
Better results are expected from improved techniques.

A second type of secondary emitting surface using silver magnesium
alloy is also being readied for testing. It has been necessary to
develop a technique for bonding the thin sheet of alloy to the pole
pieces. The bond must be able to withstand a high temperature
because the surface activation process requires temperatures in
excess nf 700°c. The bonding technique involves a gold diffusion
process and when properly activated, this type surface results in
excellent secondary emission properties.

A structure for the multipactor limiter has been cd2signed and
construction is in process. The basic design is shown in Figure 14.
The object is to nbtain reginns of different heights in order to
extend the dynamic range of operation and take advantage of higher
srder multipactsr modes. " In the final version, the basic structure
can be modified to be resonant and reduce the threshold of operation
thus increasing dynamic ;ange of operation at the expense of bandwidth.

In the ne‘t interval we will complete evaluation of surface

processing and obtain data on the multipactor limiter characteristics.
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V CONCLUSIONS

All phases of the work in this contract have advanced to the
point where hardware designs are available. Tests performed have
indicated some success in each area.

In the gas TR work three tubes were fabricated, two units were
exhausted and measured with and without keep~alive. The third unit
was not exhausted and was used for spark gap R.F. breakdown experiments.
The semiconductor switch limiter work has been carried to the point
where a two PIN diode integrated structure has been measured success-
fully at 1.0 kilowatts peak incident power with DC bias. Several
ridge waveguide switch limiter test fixtures have been completedand
low level power measurements have indicated the design to be satis-
factory for application toward the design goals for this contract.

The ferrite circulator design is completed.

Some success is reported on the ferrite limiter. High insertion
loss (3.4 db) is a major obstacle at this time.

The multipactor work has been directed toward determining satis-
factory surface materials and preparation techniques. Some tests have
shown multipactor discharge, however, desired characteristics have not

been achieved.
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VI PROGRAM FOR NEXT INTERVAL

During the next quarterly report period, work will be evaluated
and a final technical approach decision will be made early in the
period.

A brief description of the work planned for the period is as
follows

(a) Two more gas TR tubes will be fabricated and measured.
Life tests will commence during this period.

(b) Switching time and recovery time of the integrated diode
structures will be measured as well as switched limiting.

Better methods of diode mounting will be determined to
reduce assembly damage.

(c) The ferrite circulator will be life tested.

(d) The‘efforts on the ferrite limiter will be to reduce the
insertion loss and complete high power tests.

(e) The evaluation of surfaces will be completed and a multi-

pactor limiter will be measured.
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VI IDENTIFICATION OF KEY TECHNICAL PERSONNEL

The following key personnel contributed to the quarterly period

covered by this report.

Name . Title Hours
Dr. K. Mortenson Physicist (Director Research &
Development ) 3
R. Tenenholtz Microwave Engineer (Group Leader) 16¢
*R. Brunton Microwave Engineer 54
S. Segal Microwave Engineer (Group Leader 62
H. Mooncai Microwave Engineer 46
R. Whitney Engineering Assistant 413
*P. Basken Microwave Development Engineer 105
C. Howell Semiconductor Engineer 6
Dr. M. Gilden Senior Engineer - Tube Division 57

*
Biographies of these personnel are included in Appendix A. Al!

others have been previously presented.
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VIIT LIST OF ILLUSTRATIONS

Description

K Band Three Element TR Kl VSWR and
Insertion Loss

K Band Three Eiement TR 010 VSWR and
Insertion Loss

Incident Pulse As Viewed On A Sampling
Scope

Table I Yigh Power Measurements Tabulated
for K Band TR Tubes No's. Kl and Ol10

Incident and Leakage Pulse Envelopes

Small Gap Ridge Waveguide Sections
Single Diode Moun.

Small Gap Ridge Waveguide Sections
Dual Diode Mount

Integrated Single Diode K Band Switch
Performan-e At lLow Level Incident Power

Integrated Dual Diode K Fand Switch
Per forman.e At Low Level Incident Power

Integra‘ted Dual Diode K Band Switch
Isolation at 50 to 1000 Watts Peak Incident
Power

K Band Ferrite Limiter Assembly

K Band Ferrite Limiter Performance at Discrete
Incident Peak Power Levels

Multipactor Surface Evaluation Discharge Cavity

Multipactor Limiter

Ref,
Page No.
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K BAND TR KI (3 ELEMENT)
Q OF CENTER ELEMENT 6
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TIME- nano seconds

prr=ISKc, tpsdb=ll.5nsec. , du=.000173

INCIDENT PULSE ON SAMPLING SCOPE
FIGURE 3



TUBE MEASUREMENTS

' Po=3.6 Kw PAVE =.62 watts
Tuse | KEEP ALIVE| Pspike —w T4 3db-ns Ws-ergs | Pave-mw|Pf-mw |Ws-ergs RT 3db
CURRENT |Sampl. Scope 167P, T, | bridge | Scope 167.333!.9. nsec.
010 (o) 400 2erg 30 75 mw 2er9 180
" 100 A 100 .5erg .86 | 75mw | .58 erg 190
K- 0 300 1.2erg 1.55 57.5mw| .04 erg 180
|~ 100u A 50 2er9 .4 57.5mw| .26 erg i8o

NOTE: FLAT LEAKAGE WIDTH .OI0. sec., THEREFORE ENERGY IN FLAT

ONLY .0075 ergs max.

FIGURE 4
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prr=|15 ke
GAP SPIKE-NO KEEP ALIVE po=3.6 kw
(ENERGY 2ergs)

GAP SPIKE -WITH KEEP ALIVE
(loopA)
(ENERGY - 0.5 ergs)

WINDOW BREAKDOWN
\_L/T/—
PSEUDO-FL AT
/_ (ENERGY .05ergs)

FLAT LEAKAGE

+*

(ENERGY .0075 ergs)

TIME -nsec
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ISOLATION IL IN DB (+100ma BIAS)
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FIGURE 9
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FIGURE 10
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Robert H. Brunton

Mr. Brunton attended Newton Junior College and Lincoln Technical
Institute and received his Associates Degree in Electronics in 1958. 1In
1961 he obtained his BBA Degree from Northeastern University. His
major was management in engineering. Since that time Mr. Brunton has
taken various engineering graduate studies at Northeastern University.

Mr. Brunton was employed by Microwave Development Laboratories from
1949 t~» 1952. From 1952 to 1954 Mr. Brunton served with the U, S, Army.

He reijnined Microwave Development Laboratories in 1954 as a junior
engineer. His work included experimental design of microwave components
and packaging microwave subsystems. Mr. Brunton was project engineer
and supervised production ~f temperature compensated wavemeters at M.D.L.

In april 1957 Mr. Brunton became employed at the Radio Corporation
of America, Airborne Systems Latsratories. His duties included develop-
ment of stab,le lncal oscillatyre, ani evaluation of traveling wave tubes
for both the receiver and transmitter system for a Joppler radar. From
Nrvember 1957 to January 1999, Mr. Brunton joined a team of R.C.A. engineers
to perform systems evaluation »f the Y, 5, Air Force GRA-5 time division
digital data link ground to air communications system.

Mr. Brunton Jnined the Advanced Development group at R.C.A., Burlington,
January 1959. As a senior member of the technical staff, his duties con-
sisted of design of microwave radiometers, application of parametric up-
converters to phase array technique and design of solid-state mircowave

switching devices for mrdulatinn and attenuation in systems. He was res-
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ponsible for the design and construction of two discreet electromagnetic
environmental simulatinon systems.

During the perind of January 1962 through March 1963, Mr, Brunton
was employed by the Ewen Knight Corp. and Sage Laboratories. His duties
involved the design and supervision of a microwave radiometer system
using tunnel dindes and nther solid-state components. Also, he was
responsible for the development of single side band modulators, many
complex microwave packages and microwave components.

In March 1963, Mr. Brunton joined Microwave Associates as 8 group
leader in the field of solid~state microwave devices.

Mr. Brunton is an Associate Member of the IEEE and PTGMTT.




Paul Basken, Engineer

Mr. Basken completed three years at the University of Connecticut
in 1959 majoring in mathematics and physics. He joined Microwave Associates
in 1959 and is a development engineer working on the design and development
nf various microwave gas switching tubes at frequencies up through 35 KMc.
He has been concerned with problems nf gas processing control and the
nature of the gas fill an the electrical characteristics of the tubes,
fabricati»n nf precision parts for millimeter TR tubes, and microwave

theory and testing techniques.
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